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first direction (X), and a plurality of clock transfer lines
(CTLA1, ..., CTLK) sequentially transferring a reference
clock (RCLK) to the pixel driving chips of the pixels (P)
arranged in the first direction (X). The pixel driving chip
(120) allows the light emission part (ELP) to emit light,
based on the digital pixel data (Pdata) and the reference
clock (RCLK) input thereto.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2017-0184770 filed on De-
cember 29, 2017.
BACKGROUND

Field of the Invention

[0002]
paratus.

The present disclosure relates to a display ap-

Discussion of the Related Art

[0003] Display apparatuses are being widely used as
a display screen for various products such as televisions
(TVs), notebook computers, and monitors as well as port-
able electronic devices such as mobile communication
terminals, electronic notebooks, e-books, portable mul-
timedia players (PMPs), navigation devices, ultra-mobile
personal computers (PCs), mobile phones, smart-
phones, tablet personal computers (PCs), and watch
phones.

[0004] Generally, the display apparatuses include a
display panel including a plurality of pixels and a panel
driving circuit for driving the plurality of pixels.

[0005] Each of the plurality of pixels includes a switch-
ing thin film transistor (TFT), a driving TFT, and one ca-
pacitor, which are provided on a substrate through a proc-
ess of manufacturing TFTs. Recently, four or more TFTs
are provided in one pixel, and moreover, a maximum of
seven TFTs are provided in one pixel.

[0006] The panel driving circuit includes a control
board including a timing controller which receives video
data from a display driving system or a display set and
aligns the video data to generate digital data signals suit-
able for the display panel and a power management in-
tegrated circuit (IC) which generates various voltages, a
plurality of data driving ICs which convert the digital data
signals into analog data signals and supply the analog
data signals to data lines of the display panel, and a plu-
rality of flexible circuit films which connect the plurality of
data driving ICs to the display panel, a source printed
circuit board (PCB) which transfers an output signal of
the control board to the plurality of flexible circuit films, a
signal cable which connects the control board to the
source PCB, and a plurality of gate driving circuits which
drive gate lines of the display panel.

[0007] The display apparatuses have a complicated
configuration due to the panel driving circuit disposed
outside the display panel.

SUMMARY

[0008] Accordingly, the present disclosure is directed
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to providing a display apparatus that substantially obvi-
ates one or more problems due to limitations and disad-
vantages of the related art.

[0009] An aspect of the present disclosure is directed
to providing a display apparatus having a simplified con-
figuration.

[0010] Additional advantages and features of the dis-
closure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the disclosure. The
objectives and other advantages of the disclosure may
be realized and attained by the structure particularly
pointed out in the written description and claims hereof
as well as the appended drawings.

[0011] To achieve these and other advantages and in
accordance with the purpose of the disclosure, as em-
bodied and broadly described herein, there is provided
a display apparatus according to claim 1. Further em-
bodiments are described in the dependent claims. Ac-
cording to an aspect of the present disclosure, there is
provided a display apparatus including a substrate in-
cluding a display area including a plurality of pixel areas
defined in a first direction and a second direction inter-
secting the first direction and a non-display area sur-
rounding the display area, a plurality of pixels each in-
cluding a pixel driving chip provided in a corresponding
pixel area of the plurality of pixel areas of the substrate
and a light emission part connected to the pixel driving
chip, a plurality of pixel data transfer lines configured to
sequentially transfer digital pixel data to pixel driving
chips of pixels arranged in the first direction, and a plu-
rality of clock transfer lines configured to sequentially
transfer a reference clock to the pixel driving chips of the
pixels arranged in the first direction, wherein the pixel
driving chip is configured to allow the light emission part
to emit light, based on the digital pixel data and the ref-
erence clock input thereto.

[0012] In one or more embodiments, the pixel driving
chip is configured to control an emission time of the light
emission part by units of frames.

[0013] In one or more embodiments, the pixel driving
chipis configured to supply a data current, corresponding
to the digital pixel data, to the light emission part.
[0014] In one or more embodiments, the pixel driving
chip comprises: a data receiving terminal configured to
receive the digital pixel data transferred through an ad-
jacent pixel data transfer line; a clock receiving terminal
configured to receive the reference clock transferred
through an adjacent clock transfer line; a data transfer
terminal configured to output the digital pixel data input
through the data receiving terminal; a clock output termi-
nal configured to output the reference clock input through
the clock receiving terminal; and an anode connection
terminal connected to the light emission part.

[0015] In one or more embodiments, the pixel driving
chip comprises: a pixel memory configured to store the
digital pixel data; and a pixel driving circuit configured to
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generate a data current, based on the digital pixel data
stored in the pixel memory and supply the data current
to the light emission part.

[0016] In one or more embodiments, the display appa-
ratus is configured such that the light emission parts of
the plurality of pixels simultaneously emit lights.

[0017] In one or more embodiments, the display appa-
ratus is configured such that the light emission parts of
the plurality of pixels sequentially emit lights by units of
a horizontal line.

[0018] In one or more embodiments, the display appa-
ratus further comprises: a data driving circuit unit con-
nected to the plurality of pixel data transfer lines and the
plurality of clock transfer lines; a control board connected
to the data driving circuit unit through a signal cable; and
atiming controller mounted on the control board to supply
the digital pixel data to the data driving circuit unit.
[0019] In one or more embodiments, the display appa-
ratus further comprises: a data driving chip array part
provided in the non-display area of the substrate and
connected to the plurality of pixel data transfer lines and
the plurality of clock transfer lines; and a timing controller
chip array part configured to generate the digital pixel
data and the reference clock, based on an image signal
input thereto and supply the digital pixel data and the
reference clock to the data driving chip array part.
[0020] In one or more embodiments, the timing con-
troller chip array part comprises: an image signal receiv-
ing chip array including at least one image signal receiv-
ing chip configured to generate the digital pixel data and
the reference clock of one frame, based on the input im-
age signal; an image quality improvement chip array in-
cluding at least one image quality improvement chip con-
figured to improve a quality of an image based on the
digital pixel data of the one frame; and a data control chip
array including at least one data control chip configured
to align the digital pixel data having image quality im-
proved by the image quality improvement chip array by
units of one horizontal line, based on the reference clock
and supply the aligned digital pixel data to the data driving
chip array part.

[0021] In one or more embodiments, the display appa-
ratus is configured such that the image signal is supplied
to the image signal receiving chip array according to a
V-by-one interface manner.

[0022] In one or more embodiments, the display appa-
ratus further comprises: a first planarization layer dis-
posed on the substrate to cover the pixel driving chip of
each of the plurality of pixels; a line layer including the
plurality of pixel data transfer lines and the plurality of
clock transfer lines disposed on the first planarization lay-
er; a second planarization layer covering the line layer;
and an encapsulation layer covering the light emission
part disposed on the second planarization layer, wherein
the light emission part comprises: a plurality of anode
electrodes provided in each of the plurality of pixel areas
on the second planarization layer and connected to a
corresponding pixel driving chip; a bank layer disposed
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on the second planarization layer to define an emission
area on the plurality of anode electrodes; a light emitting
layer disposed in the emission area on the plurality of
anode electrodes; and a cathode electrode disposed on
the light emitting layer.

[0023] Inoneor more embodiments, the display appa-
ratus further comprises a buffer layer disposed on the
substrate to support the pixel driving chip of each of the
plurality of pixels and covered by the first planarization
layer, wherein the buffer layer comprises a plurality of
concave portions accommodating the pixel driving chip
of each of the plurality of pixels.

[0024] In one or more embodiments, the substrate fur-
ther comprises a plurality of cathode sub-contact parts
which each comprise: a cathode connection electrode
disposed on the second planarization layer overlapping
the bank layer; and an electrode exposure part disposed
on the bank layer and expose the cathode connection
electrode, wherein the cathode electrode is electrically
connected to the cathode connection electrode, and elec-
trically connected to a cathode power line via the cathode
connection electrode.

[0025] Inone or more embodiments, the substrate fur-
ther comprises a partition wall part, which is formed on
the cathode connection electrode and has a reverse-ta-
pered structure to hide the electrode exposure part.
[0026] It is to be understood that both the foregoing
general description and the following detailed description
of the present disclosure are exemplary and explanatory
and are intended to provide further explanation of the
disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate embodiments of the disclosure and
together with the description serve to explain the principle
of the disclosure. In the drawings:

FIG. 1 is a diagram illustrating a display apparatus
according to an embodiment of the present disclo-
sure;

FIG.2is aplan view illustrating a substrate illustrated
in FIG. 1;

FIG. 3is adiagramillustrating a connection structure
between a pixel, a data transfer line, and a clock
transfer line according to an embodiment illustrated
in FIG. 2;

FIG. 4 is a diagram illustrating a pixel according to
an embodiment of the present disclosure illustrated
in FIG. 3;

FIG. 5 is a diagram illustrating a pixel driving circuit
according to an embodiment of the present disclo-
sure illustrated in FIG. 4;

FIG. 6 is a diagram illustrating a pixel driving circuit
according to another embodiment of the present dis-
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closure illustrated in FIG. 4;

FIG. 7 is a diagram illustrating a data driving circuit
unit according to an embodiment of the present dis-
closure illustrated in FIGS. 1 and 2;

FIG. 8 is a cross-sectional view taken along line I-I
illustrated in FIG. 1;

FIG. 9is a cross-sectional view illustrating a connec-
tion structure between a cathode electrode and a
cathode power supply line according to an embodi-
ment of the present disclosure;

FIG. 10 is another cross-sectional view taken along

line I-I" illustrated in FIG. 1;
FIG. 11 is another cross-sectional view taken along
line I-I" illustrated in FIG. 1;

FIG. 12 is a diagram illustrating a display apparatus
according to another embodiment of the present dis-
closure;

FIG. 13isadiagramillustrating a substrateillustrated
in FIG. 12; and

FIG. 14 is a diagram illustrating a timing controller
chip array part and a data driving chip array part il-
lustrated in FIGS. 12 and 13.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0028] Reference will now be made in detail to the ex-
emplary embodiments of the present disclosure, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
will be used throughout the drawings to refer to the same
or like parts.

[0029] Advantages and features of the present disclo-
sure, and implementation methods thereof will be clari-
fied through following embodiments described with ref-
erence to the accompanying drawings. The present dis-
closure may, however, be embodied in different forms
and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the present dis-
closure to those skilled in the art. Furthermore, the
present disclosure is only defined by scopes of claims.
[0030] A shape, asize, aratio, an angle, and a number
disclosed in the drawings for describing embodiments of
the present disclosure are merely an example, and thus,
the present disclosure is not limited to the illustrated de-
tails. Like reference numerals refer to like elements
throughout. In the following description, when the de-
tailed description of the relevant known technology is de-
termined to unnecessarily obscure the important point of
the present disclosure, the detailed description will be
omitted.

[0031] Inacasewhere’comprise’,’have’, and include’
described in the present specification are used, another
part may be added unless 'only~’ is used. The terms of
a singular form may include plural forms unless referred
to the contrary.

[0032] In construing an element, the element is con-
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strued as including an error range although there is no
explicit description.

[0033] In describing a position relationship, for exam-
ple, when a position relation between two parts is de-
scribed as ’on~’, 'over~’, 'under~’, and 'next~’, one or
more other parts may be disposed between the two parts
unless ’just’ or ‘direct’ is used.

[0034] In describing a time relationship, for example,
when the temporal order is described as ’after~’, 'subse-
quent~’, 'next~’, and 'before~’, a case which is not con-
tinuous may be included unless ’just’ or ’direct’ is used.
[0035] It will be understood that, although the terms
"first", "second", etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another. For example, a first element
could be termed a second element, and, similarly, a sec-
ond element could be termed a first element, without de-
parting from the scope of the present disclosure.

[0036] The term "at least one" should be understood
as including any and all combinations of one or more of
the associated listed items. For example, the meaning
of "at least one of a first item, a second item, and a third
item" denotes the combination of all items proposed from
two or more of the first item, the second item, and the
third item as well as the first item, the second item, or the
third item.

[0037] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-oper-
ated with each other and driven technically as those
skilled in the art can sufficiently understand. The embod-
iments of the present disclosure may be carried out in-
dependently from each other, or may be carried out to-
gether in co-dependent relationship.

[0038] Hereinafter, embodiments of a display appara-
tus according to the present disclosure will be described
in detail with reference to the accompanying drawings.
In adding reference numerals to elements of each of the
drawings, although the same elements are illustrated in
other drawings, like reference numerals may refer to like
elements. In the following description, when the detailed
description of the relevant known function or configura-
tion is determined to unnecessarily obscure the important
point of the present disclosure, the detailed description
will be omitted.

[0039] FIG. 1 is a diagram illustrating a display appa-
ratus according to an embodiment of the present disclo-
sure. FIG. 2 is a plan view illustrating a substrate illus-
trated in FIG. 1. FIG. 3 is a diagram illustrating a connec-
tion structure between a pixel, a data transfer line, and
a clock transfer line according to an embodiment illus-
trated in FIG. 2.

[0040] Referringto FIGS. 1 to 3, the display apparatus
according to an example of the present disclosure may
include a display panel 100 and a data driving circuit unit
300 mounted on the display panel 100.

[0041] The display panel 100 may include a substrate



7 EP 3 506 246 A1 8

110 and an opposite substrate 190, which face each oth-
er. The substrate 110 may be a pixel array substrate and
may have a size which is larger than that of the opposite
substrate 190, and thus, one edge of the substrate 110
may be exposed without being covered by the opposite
substrate 190.

[0042] The substrate 110 may be formed of an insu-
lating material such as glass, quartz, ceramic, or plastic.
For example, the substrate 110 including plastic may be
a polyimide film, and particularly, may be a heat-resistant
polyimide film capable of enduring a high temperature in
a high temperature deposition process. The substrate
110 may include a display area DA including a plurality
of pixel areas and a non-display area NDA. The display
area DA may be defined as an area which displays an
image, and the non-display area NDA may be an area
which does not display an image and may be defined in
an edge of the substrate 110 to surround the display area
DA.

[0043] The substrate 110 according to an embodiment
may further include a plurality of pixels P and first to mth
pixel driving line groups LG1 to LGm connected to the
plurality of pixels P.

[0044] The first to mth pixel driving line groups LG1 to
LGm may each be disposed between adjacent pixels of
a plurality of pixels arranged in a first direction X and may
sequentially transfer digital pixel data and a reference
clock to the pixels P arranged in the first direction X. That
is, the first to mth pixel driving line groups LG1 to LGm
may sequentially transfer the digital pixel data and the
reference clock to the pixels P arranged in the first direc-
tion X according to a cascade manner.

[0045] Each of the first to mth pixel driving line groups
LG1 to LGm according to an embodiment may include
first to kth pixel data transfer lines DTL1 to DTLk, first to
kth clock transfer lines CTL1 to CTLK, and a pixel driving
power line PPL.

[0046] The first to kth pixel data transfer lines DTL1 to
DTLk may be arranged at certain intervals on the sub-
strate 110 in the first direction X. That is, each of the first
to kth pixel data transfer lines DTL1 to DTLk may be dis-
posed between two adjacent pixels of the pixels P ar-
ranged in the first direction X and may be electrically con-
nected to two pixels P adjacent to each other in the first
direction X. Each of the first to kth pixel data transfer lines
DTL1 to DTLk may transfer corresponding digital pixel
data to corresponding pixels of the plurality of pixels P
arranged in the first direction X in order. That is, digital
pixel data which is to be supplied to each of the plurality
of pixels P may sequentially pass through pixels P dis-
posed at a front stage and may be supplied to corre-
sponding pixels P. In this case, each of the first to kth
pixel data transfer lines DTL1 to DTLk may be referred
to as a serial data bus.

[0047] Thefirstto ki clock transfer lines CTL1 to CTLk
may be respectively arranged on the substrate 110 in
parallel to the first to kth pixel data transfer lines DTL1 to
DTLk. That is, each of the first to kth clock transfer lines
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CTL1 to CTLk may be disposed between two adjacent
pixels of the plurality of pixels P arranged in the first di-
rection X and may be electrically connected to two pixels
P adjacent to each other in the first direction X. Each of
thefirstto kth clock transferlines CTL1to CTLk may trans-
fer the reference clock to each of the plurality of pixels P
arranged in the first direction X in order. In this case, the
reference clock may be supplied to a clock transfer line
CTL1 of each of the first to mth pixel driving line groups
LG1 to LGm, and in this case, an upper portion of the
clock transfer line CTL1 of each of the first to mth pixel
driving line groups LG1 to LGm may be connected to a
common clock input line CCIL disposed in a second di-
rection Y. Inthis case, the reference clock may be asignal
having a period corresponding to one horizontal period.
[0048] The pixel driving power line PPL may be dis-
posed on the substrate 110 in parallel to each of the first
to kth clock transfer lines CTL1 to CTLk. The pixel driving
power line PPL according to an embodiment may be dis-
posed between at least two pixels in the second direction
Y and may transfer a pixel driving voltage to the pixels P
arranged in the first direction X. For example, the pixel
driving power line PPL may be disposed between two
pixels adjacent to each other in the second direction Y,
or may be disposed between two adjacent unit pixels. In
this case, a unit pixel may include three adjacent red
pixel, green pixel, and blue pixel.

[0049] The opposite substrate 190 may be an encap-
sulation substrate or a color filter array substrate includ-
ing a color filter. The opposite substrate 190 may cover
the plurality of pixels P provided on the substrate 110.
The opposite substrate 190 according to an embodiment
may be a glass substrate, a metal foil, a thin metal sub-
strate, a flexible substrate, a plastic film, or the like. For
example, the opposite substrate 190 may be a polyeth-
ylene terephthalate film, a polyimide film, or the like. The
opposite substrate 190 may be bonded to the substrate
110 by a transparent adhesive layer.

[0050] The data driving circuit unit 300 may be provid-
ed in the non-display area NDA of the substrate 110 and
may be connected to the first to ki pixel data transfer
lines DTL1 to DTLk.

[0051] The data driving circuit unit 300 according to an
embodiment may generate digital pixel data, the refer-
ence clock, and a data start signal from a data interface
signal which is supplied through a pad part PP disposed
in a first non-display area (or an upper non-display area)
of the substrate 110, and based on the generated refer-
ence clock and data start signal, the data driving circuit
unit 300 may align the digital pixel data according to a
pixel arrangement structure and may supply the aligned
digital pixel data to a first pixel data transfer line DTL1 of
a corresponding pixel driving line group of the first to mth
pixel driving line groups LG1 to LGm according to a serial
data communication manner. For example, the data driv-
ing circuit unit 300 may include at least one data driving
chip which transfers digital pixel data to a corresponding
pixel through a corresponding pixel data transfer line of
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the first to kth pixel data transfer lines DTL1 to DTLk.
[0052] The display apparatus according to an embod-
iment of the present disclosure may include a control
board 400, a timing controller 500, a power management
circuit 600, and a display driving system 700.

[0053] The control board 400 may be connected to,
through the signal cable 530, the pad part PP disposed
in one non-display area of the substrate 110.

[0054] The timing controller 500 may be mounted on
the control board 400. The timing controller 500 may per-
form signal processing on an image signal input thereto
to generate digital pixel data and may supply the digital
data signal to the data driving circuit unit 300. That is,
the timing controller 500 may receive the image signal
and a timing synchronization signal supplied from the
display driving system 700 through a user connector 510
provided on the control board 400. The timing controller
500 may align the image signal to generate the digital
pixel data matching a pixel arrangement structure of the
display area DA, based on the timing synchronization
signal and may supply the generated digital pixel data to
the data driving circuit unit 300. The timing controller 500
according to an embodiment may supply the digital data
signal, the reference clock, and the data start signal to
the data driving circuit unit 300 by using a high speed
serial interface manner (for example, an embedded point
to pointinterface (EPI) manner, a low-voltage differential
signaling (LVDS) interface manner, or a mini LVDS in-
terface manner).

[0055] The timing controller 500 according to an em-
bodiment may supply the digital pixel data to the data
driving circuit unit 300, based on a predetermined se-
quential emission driving manner of the display panel
100. According to an embodiment, the timing controller
500 may supply the digital pixel data to the data driving
circuit unit 300, based on a predetermined simultaneous
emission driving manner of the display panel 100.
[0056] The power management circuit 600 may gen-
erate a transistor logic voltage, a ground voltage, and a
pixel driving voltage, based on an input power supplied
from a power supply of the display driving system 700.
Each of the transistor logic voltage and the ground volt-
age may be used as a driving voltage for the timing con-
troller 500 and the data driving circuit unit 300, and the
ground voltage and the pixel driving voltage may be ap-
plied to the data driving circuit unit 300 of each of the
plurality of pixels P.

[0057] The display driving system 700 may be con-
nected to the user connector 510 of the control board
400 through an interface cable 710. The display driving
system 700 may generate the image signal from a video
source and may supply the image signal to the timing
controller 500. In this case, the image signal may be sup-
plied to the timing controller 500 by using the high speed
serial interface manner (for example, a V-by-one inter-
face manner).

[0058] FIG. 4 is adiagramillustrating a pixel according
to an embodiment of the present disclosure illustrated in
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FIG. 3 and illustrates a first pixel illustrated in FIG. 3.
[0059] Referringto FIG. 4 in conjunction with 3, a pixel
P according to an embodiment of the present disclosure
may include a pixel driving chip 120 and a light emission
part ELP.

[0060] The pixel driving chip 120 may be a minimum-
unit microchip or one chipset and may be a semiconduc-
tor packaging device which includes two or more tran-
sistors and one or more capacitors and has a fine size.
The pixel driving chip 120 may be provided in a prede-
termined touch sensing pixel area of a plurality of pixel
areas and may control an emission time of the light emis-
sion part ELP by units of frames, according to a reference
clock RCLK, digital pixel data Pdata, and a pixel driving
voltage Vdd input thereto.

[0061] The pixel driving chip 120 according to an em-
bodiment may include first to eighth bumps B1 to B8, a
pixel controller 121, a pixel memory 122, a pixel driving
circuit 123, and a clock transfer circuit 124. In this case,
a bump may be referred to as a pin or a terminal.
[0062] The first bump B1 may be referred as a data
receiving terminal, the second bump B2 may be referred
as a clock receiving terminal, the third bump B3 may be
referred as a no connection (NC) terminal, the fourth
bump B4 may be referred as a cathode power terminal,
the fifth bump B5 may be referred as a pixel driving power
terminal, the sixth bump B6 may be referred as an anode
connection terminal, the seventh bump B7 may be re-
ferred as a clock output terminal, and the eighth bump
B8 may be referred as a data transfer terminal.

[0063] The pixel controller 121 may control an overall
operation of the pixel driving chip 120 and a driving timing
of the light emission part ELP, based on the reference
clock RCLK input through the second bump B2 from the
clock transfer line CTL1 of the first pixel driving line group
LG1.

[0064] The pixel controller 121 may generate and out-
put a memory control signal MCS, a pixel enable signal
PE, and a clock transfer signal CTS for a predetermined
pixel operation timing, based on the reference clock
RCLK. Forexample, the memory control signal MCS may
be a signal for storing digital pixel data in the pixel memory
122 or outputting the digital pixel data stored in the pixel
memory 122. The pixel enable signal PE may be a signal
for controlling light emission of the light emission part
ELP, based on the digital pixel data stored in the pixel
memory 122. Also, the clock transfer signal CTS may be
a signal for transferring the reference clock RCLK, input
to the pixel driving chip 120, to a pixel driving chip 120
of a next stage pixel.

[0065] Moreover, the pixel controller 121 may transfer
the reference clock RCLK, input through the second
bump B2, to the pixel driving circuit 123.

[0066] The pixel memory 122 may receive the digital
pixel data Pdata through the first bump B1 from the first
pixel data transfer line DTL1 of the first pixel driving line
group LG1 and may receive the reference clock RCLK
through the second bump B2 from the clock transfer line
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CTLA1 of the first pixel driving line group LG1. The pixel
memory 122 may store the digital pixel data Pdata input
thereto, based on the reference clock RCLK input there-
to. For example, the pixel memory 122 may change to a
write mode according to the memory control signal MCS
having a first logic state supplied from the pixel controller
121 and may store the digital pixel data Pdata, based on
the reference clock RCLK. Also, the pixel memory 122
may change to a read mode according to the memory
control signal MCS having a second logic state supplied
from the pixel controller 121 and may output the stored
digital pixel data Pdata to the pixel driving circuit 123
according to the reference clock RCLK.

[0067] The pixel driving circuit 123 may be enabled by
the pixel enable signal PE input from the pixel controller
121 and may output a data current Idata corresponding
to the digital pixel data Pdata, based on the reference
clock RCLK, the digital pixel data Pdata, the pixel driving
voltage Vdd, and a cathode voltage Vss. In this case, the
reference clock RCLK may be transferred from the pixel
controller 121. The digital pixel data Pdata may be input
through the first bump B1 from the first pixel data transfer
line DTL1 of the first pixel driving line group LG1. The
pixel driving voltage Vdd may be input through the fifth
bump B5 from the pixel driving power line PPL of the first
pixel driving line group LG1. The cathode voltage Vss
may be input through the fourth bump B4. The data cur-
rent Idata output from the pixel driving circuit 123 may
be supplied to the light emission part ELP through the
sixth bump B6.

[0068] The clock transfer circuit 124 may selectively
connect the second bump B2 to the seventh bump B7
according to the clock transfer signal CTS supplied from
the pixel controller 121. For example, during a clock
blocking period corresponding to a period in which the
pixel driving chip 120 receives and processes the digital
pixel data, the clock transfer circuit 124 may be turned
off according to the clock transfer signal CTS having the
first logic state supplied from the pixel controller 121 and
may electrically disconnect the second bump B2 from
the seventh bump B7. Also, during the other period ex-
cept the clock blocking period, the clock transfer circuit
124 may be turned on according to the clock transfer
signal CTS having the second logic state supplied from
the pixel controller 121 and may output the reference
clock RCLK, input through the second bump B2, to the
seventh bump B7. The reference clock RCLK output to
the seventh bump B7 may be transferred to a pixel driving
chip 120 of a pixel P disposed at a next stage (or a rear
stage) through the second clock transfer line CTL2 of the
first pixel driving line group LG1.

[0069] The clock transfer circuit 124 according to an
embodiment may include a switch element. The switch
element may include a gate terminal receiving the clock
transfer signal CTS supplied from the pixel controller 121,
a first source/drain terminal connected to the second
bump B2, and a second source/drain terminal connected
to the seventh bump B7. In this case, the first and second
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source/drain terminals of the switch element may act as
a source terminal or a drain terminal, based on a direction
of a current.

[0070] The pixel driving chip 120 according to an em-
bodiment may further include a first buffer circuit 125.
The first buffer circuit 125 may buffer the reference clock
RCLK input through the clock transfer circuit 124 and
may output the buffered reference clock RCLK to the
seventh bump B7. The first buffer circuit 125 according
to an embodiment may include an inverter type buffer
and may include an even number of inverters serially
connected between an output terminal of the clock trans-
fer circuit 124 and the seventh bump B7. For example,
the first buffer circuit 125 may buffer the reference clock
RCLK input through the clock transfer circuit 124 by using
the pixel driving voltage Vdd input through the fifth bump
B5 and the cathode voltage Vss input through the fourth
bump B4 and may output the buffered reference clock
RCLK to the seventh bump B7, thereby preventing the
voltage drop of the reference clock RCLK.

[0071] The pixel driving chip 120 according to an em-
bodiment may further include a second buffer circuit 126.
The second buffer circuit 126 may buffer the digital pixel
data Pdata input through the first bump B1 and may out-
put the buffered digital pixel data Pdata to the eighth
bump B8. The second buffer circuit 126 according to an
embodiment may include aninverter type buffer and may
include an even number of inverters serially connected
between the first bump B1 and the eighth bump B8. For
example, the second buffer circuit 126 may buffer the
digital pixel data Pdata input thereto by using the pixel
driving voltage Vdd input through the fifth bump B5 and
the cathode voltage Vss input through the fourth bump
B4 and may output the buffered digital pixel data Pdata
to the eighth bump B8, thereby preventing the voltage
drop of the digital pixel data Pdata.

[0072] The light emission part ELP may emit light with
the data current Idata supplied from the pixel driving chip
120. The light emitted from the light emission part ELP
may be output to the outside through the opposite sub-
strate 190, or may be output to the outside through the
substrate 110.

[0073] The light emission part ELP according to an em-
bodiment may include an anode electrode (or afirst elec-
trode) connected to the sixth bump B6 of the pixel driving
chip 120, a light emitting layer connected to the anode
electrode, and a cathode electrode (or a second elec-
trode) CE connected to the light emitting layer. The light
emitting layer may include one of an organic light emitting
layer, an inorganic light emitting layer, and a quantum
dot light emitting layer, or may include a stacked or mixed
structure including the organic light emitting layer (or the
inorganic light emitting layer) and the quantum dot light
emitting layer.

[0074] FIG. 5 is a diagram illustrating a pixel driving
circuit 123 according to an embodiment of the present
disclosure illustrated in FIG. 4.

[0075] Referring to FIG. 5 in conjunction with FIG. 4,
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the pixel driving circuit 123 according to an embodiment
of the present disclosure may include a data paralleliza-
tion circuit 123a, a clock counter 123b, a grayscale volt-
age generator 123c, a grayscale voltage selector 123d,
a driving transistor DT, and a capacitor Cst.

[0076] The data parallelization circuit 123a may be en-
abled according to the pixel enable signal PE and may
receive and parallelize the digital pixel data Pdata which
is input in a serial data communication manner, based
on the reference clock RCLK. Also, the data paralleliza-
tion circuit 123a may simultaneously output parallel dig-
ital pixel data according to a parallel data output signal
DOS.

[0077] The clock counter 123b may count the refer-
ence clock RCLK to generate the parallel data output
signal DOS, thereby controlling a data output of the data
parallelization circuit 123a. The clock counter 123b ac-
cording to an embodiment may generate and output the
parallel data output signal DOS, based on the predeter-
mined sequential emission driving manner or simultane-
ous emission driving manner of the display panel 100.
[0078] In a case where the display panel 100 is driven
by the sequential emission driving manner, the clock
counter 123b may count a number of reference clocks
RCLK corresponding to a period in which the data par-
allelization circuit 123a parallelizes serial digital pixel da-
ta Pdata into parallel digital pixel data Pdata, thereby
generating the parallel data output signal DOS. In this
case, the data parallelization circuit 123a may simulta-
neously output the parallel digital pixel data Pdata ac-
cording to the parallel data output signal DOS which is
input immediately after the serial digital pixel data Pdata
is parallelized. In a case where the display panel 100 is
driven by the sequential emission driving manner, a plu-
rality of pixels P provided in the display panel 100 may
sequentially emit light by units of horizontal lines.
[0079] In a case where the display panel 100 is driven
by the simultaneous emission driving manner, the clock
counter 123b may count the reference clocks RCLK by
units of frames to generate the parallel data output signal
DOS at a start time of each frame. That is, the clock
counter 123b may generate the parallel data output sig-
nal DOS at a start time of a new frame after the serial
digital pixel data Pdata sequentially pass through the first
to k! pixel data transfer lines DTL1 to DTLk and a plurality
of pixel driving chips 120 and are supplied to pixels of a
last horizontal line, based on a cascade manner. In this
case, the data parallelization circuit 123a may parallelize
and hold the serial digital pixel data Pdata, and then, may
simultaneously output the parallel digital pixel data Pdata
according to the parallel data output signal DOS input at
a start time of a new frame. In a case where the display
panel 100 is driven by the simultaneous emission driving
manner, light emission parts ELP of all of the plurality of
pixels P provided in the display panel 100 may simulta-
neously emit lights, thereby preventing motion blur
caused by the impulse driving of an image. During an
emission period of a frame where the light emission parts
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ELP of all of the plurality of pixels P provided in the display
panel 100 simultaneously emit lights, new digital pixel
data may be updated in the pixel memory 122 of each of
the plurality of pixels P.

[0080] The grayscale voltage generator 123c may di-
vide a voltage between the pixel driving voltage Vdd and
the cathode voltage Vss to generate a plurality of gray-
scale voltages respectively corresponding to a plurality
of grayscale values based on the number of bits of the
digital pixel data.

[0081] The grayscale voltage selector 123d may se-
lect, as a data voltage Vdata, one grayscale voltage cor-
responding to a grayscale value of the parallel digital pixel
data Pdata simultaneously input from the data paralleli-
zation circuit 123a among the plurality of grayscale volt-
ages supplied from the grayscale voltage generator 123¢c
and may output analog data voltage Vdata, thereby con-
verting the digital pixel data Pdata into the analog data
voltage Vdata. The grayscale voltage generator 123cand
the grayscale voltage selector 123d may be referred to
as a digital-to-analog converter part.

[0082] The driving transistor DT may include a gate
electrode receiving the data voltage Vdata from the gray-
scale voltage selector 123d, a source electrode connect-
ed to the anode electrode of the light emission part ELP
through the sixth bump B6, and a drain electrode receiv-
ing the pixel driving voltage Vdd. The driving transistor
DT may control the data current Idata which flows from
a pixel driving voltage Vdd source to the light emission
part ELP through the sixth bump B6, based on the data
voltage Vdata input thereto, thereby controlling light
emission of the light emission part ELP.

[0083] The capacitor Cst may be connected between
the gate electrode and the source electrode of the driving
transistor DT. The capacitor Cst may store a voltage cor-
responding to the data voltage Vdata supplied to the gate
electrode of the driving transistor DT and may turn on
the driving transistor DT with the stored voltage.

[0084] FIG. 6 is a diagram illustrating a pixel driving
circuit 123 according to another embodiment of the
present disclosure illustrated in FIG. 4.

[0085] Referring to FIG. 6 in conjunction with FIG. 4,
the pixel driving circuit 123 according to another embod-
iment of the present disclosure may include a data par-
allelization circuit 123a, a clock counter 123b, a duty con-
troller 123e, and a driving transistor DT.

[0086] The data parallelization circuit 123a may be en-
abled according to the pixel enable signal PE and may
receive and parallelize the digital pixel data Pdata which
is input in the serial data communication manner, based
on the reference clock RCLK. Also, the data paralleliza-
tion circuit 123a may simultaneously output parallel dig-
ital pixel data according to a parallel data output signal
DOS.

[0087] The clock counter 123b may count the refer-
ence clock RCLK to generate the parallel data output
signal DOS, thereby controlling a data output of the data
parallelization circuit 123a. The clock counter 123b ac-
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cording to an embodiment may generate and output the
parallel data output signal DOS, based on the predeter-
mined sequential emission driving manner or simultane-
ous emission driving manner of the display panel 100.
The clock counter 123b is simultaneously the same as
the clock counter illustrated in FIG. 5, and thus, its over-
lapping description will be omitted.

[0088] The duty controller 123e may generate and out-
put a pulse width modulation signal Vpwm for controlling
a turn-on time of the driving transistor DT in one frame,
based on a grayscale value of the parallel digital pixel
data Pdata supplied from the data parallelization circuit
123a. The duty controller 123e according to an embod-
iment may generate the pulse width modulation signal
Vpwm having a duty on period corresponding to the gray-
scale value of the parallel digital pixel data Pdata, based
on 100% duty which is set as a whole emission period in
one frame. For example, when the grayscale value of the
parallel digital pixel data Pdata input to the duty controller
123e has a grayscale value "511" with respect to 10-bit
digital pixel data Pdata, the duty controller 123e may gen-
erate the pulse width modulation signal Vpwm having the
duty on period of 22%, but is not limited thereto. In other
embodiments, the duty on period may be changed based
on the number of bits of the digital pixel data Pdata, a
luminance of the display apparatus, or a frame time.
[0089] The driving transistor DT may include a gate
electrode receiving the pulse width modulation signal Vp-
wm from the duty controller 123e, a source electrode
connected to the anode electrode of the light emission
part ELP through the sixth bump B6, and adrain electrode
receiving the pixel driving voltage Vdd. The driving tran-
sistor DT may be turned on during the duty on period
corresponding to the pulse width modulation signal Vp-
wm input thereto and may control the data current Idata
which flows from a pixel driving voltage Vdd source to
the light emission part ELP through the sixth bump B6,
thereby controlling light emission of the light emission
part ELP. In this case, the pixel driving voltage Vdd may
have a voltage level corresponding to a maximum gray-
scale value of the digital pixel data Pdata, and for exam-
ple, may have a voltage level corresponding to a white
grayscale value.

[0090] FIG. 7 is a diagram illustrating a data driving
circuit unit 300 according to an embodiment of the
present disclosure illustrated in FIGS. 1 and 2.

[0091] Referring to FIG. 7 in conjunction with FIGS. 1
and 2, the data driving circuit unit 300 according to an
embodiment of the present disclosure includes a data
receiving circuit 310 and first to mth data processing cir-
cuits DP1 to DPm.

[0092] The data receiving circuit 310 may be mounted
on the control board 400. The data receiving circuit 310
may receive a digital data signal Idata input from the tim-
ing controller 500 mounted on the control board 400 to
output digital pixel data corresponding to at least one
horizontal line. The datareceiving circuit 310 may receive
the digital data signal Idata based on a differential signal
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transferred from the timing controller 500 according to
the high speed serial interface manner, generate digital
pixel data corresponding to at least one horizontal line,
based on the received digital data signal Idata, and gen-
erate adotclock, areference clock, and a data start signal
from the differential signal. In this case, the digital data
signal Idata may be transferred from the timing controller
500 to the data receiving circuit 310 according to the high
speed serial interface manner (for example, the EPl man-
ner, the LVDS interface manner, or the mini LVDS inter-
face manner).

[0093] The data receiving circuit 310 according to an
embodiment may include first to ith (where i is a natural
number equal to or more than two) data receiving chips
3101 to 310i. In this case, each of the first to it" data
receiving chips 3101 to 310i may be a minimum-unit mi-
crochip orone chipsetand may be a semiconductor pack-
aging device which includes an integrated circuit (IC) in-
cluding transistors and has a fine size.

[0094] Each of the first to it data receiving chips 3101
to 310i may individually receive digital data signals to be
supplied to j pixels (where j is a natural number equal to
or more than two) among differential signals transferred
from the timing controller 500 through one signal cable
530, individually generate pixel data to be supplied to the
j pixels, based on the received digital data signals, and
individually generate a dot clock, a reference clock, and
a data start signal from the differential signals. For ex-
ample, when the signal cable 530 has first to ith pairs, the
first data receiving chip 3101 may individually receive
digital data signals corresponding to first to ith pixels from
the differential signals transferred from the timing con-
troller 500 through the first pair of the signal cable 530,
individually generate pixel data corresponding to the first
to jth pixels, based on the received digital data signals,
and individually generate a dot clock, a reference clock,
and a data start signal from the differential signals. Also,
the ith data receiving chip 310i may individually receive
digital data signals corresponding to m-j+1th to mt pixels
from the differential signals transferred from the timing
controller 500 through the ith pair of the signal cable 530,
individually generate pixel data corresponding to the m-
j+1th to mth pixels, based on the received digital data
signals, and individually generate a dot clock, a reference
clock, and a data start signal from the differential signals.
[0095] The first to ith data receiving chips 3101 to 310i
may individually output digital pixel data through a serial
data communication manner using first to it common
serial data buses CSB1 to CSBi each having a data bus
corresponding to the number of bits of the digital pixel
data, individually output the reference clock to first to ith
common reference clock lines RCL1 to RCLi, and indi-
vidually output the data start signal to first to it data start
signal lines DSL1 to DSLi. For example, the first data
receiving chip 3101 may transfer corresponding digital
pixel data, a corresponding reference clock, and a cor-
responding data start signal through the first common
serial data bus CSB1, the first common reference clock
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line RCL1, and the first data start signal line DSL1. Also,
the ith data receiving chip 310i may transfer correspond-
ing pixel data, a corresponding reference clock, and a
corresponding data start signal through the it common
serial data bus CSBi, the ith common reference clock line
RCLi, and the ith data start signal line DSLi.

[0096] The data receiving circuit 310 according to an
embodiment may be configured with one data receiving
chip. That is, the first to ith data receiving chips 3101 to
310imay be integrated into one data integration receiving
chip.

[0097] Each of the first to mth data processing circuits
DP1 to DPm may sample and hold in parallel digital pixel
data transferred from the data receiving circuit 310 ac-
cording to a data start signal and a reference clock input
thereto and may output the input reference clock and the
held digital pixel data according to the serial data com-
munication manner. In this case, each of the first to mth
data processing circuits DP1 to DPm may be a minimum-
unit microchip or one chipset and may be a semiconduc-
tor packaging device which includes an IC including tran-
sistors and has a fine size.

[0098] The first to mth data processing circuits DP1 to
DPm may be grouped into first to ith data processing
groups 3201 to 320i, and in this case, each of the first to
ith data processing groups 3201 to 320i may include j
data processing circuits.

[0099] On a group basis, the data processing circuits
grouped into the first to ith data processing groups 3201
to 320i may be connected to the first to it common serial
databuses CSB1to CSBiin common. For example, each
of the first to jth data processing circuits DP1 to DP;j
grouped into the first data processing group 3201 may
receive corresponding digital pixel data, a corresponding
reference clock, and a corresponding data start signal
through the first common serial data bus CSB1, the first
common reference clock line RCL1, and the first data
start signal line DSL1. Also, each of m-j+1t to mth data
processing circuits DPm-j+1 to DPm grouped into the ith
data processing group 320i may receive corresponding
digital pixel data, a corresponding reference clock, and
a corresponding data start signal through the it common
serial data bus CSBi, the it common reference clock line
RCLi, and the ith data start signal line DSLi.

[0100] When digital pixel data having a corresponding
number of bits is sampled and held, each of the first to
mth data processing circuits DP1 to DPm may output a
reference clock input thereto to a first clock transfer line
CTL1 of each of first to mth pixel driving line groups LG1
to LGm and may output the held digital pixel data to a
first pixel data transfer line DTL1 of each of the first to
mth pixel driving line groups LG1 to LGm according to
the serial data communication manner.

[0101] Each of the first to mth data processing circuits
DP1 to DPm according to an embodiment may include
alatch circuit which samples and latches digital pixel data
input through a corresponding common serial data bus
CSB according to the reference clock in response to the
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data start signal, a counter circuit which counts the ref-
erence clock to generate a data output signal, and a clock
bypass circuit which bypasses the reference clock input
thereto.

[0102] FIG. 8is across-sectional view taken along line
I-I" illustrated in FIG. 1 and is a cross-sectional view il-
lustrating three adjacent pixels provided in the display
panel illustrated in FIG. 1.

[0103] Referring to FIG. 8 in conjunction with FIGS. 1
to 4, a display apparatus according to an embodiment of
the present disclosure may include a substrate 110, a
buffer layer 111, a plurality of pixel driving chips 120, a
first planarization layer 113, aline layer, a second planari-
zation layer 115, a light emission part ELP, and an en-
capsulation layer 117.

[0104] The substrate 110, a pixel array substrate, may
be formed of an insulating material such as glass, quartz,
ceramic, or plastic. The substrate 110 may include a plu-
rality of pixel areas PA each including a light emitting
area EA and a circuit area CA.

[0105] The buffer layer 111 may be provided on the
substrate 110. The buffer layer 111 may prevent water
from penetrating into the light emission part ELP through
the substrate 110. According to an embodiment, the buff-
er layer 111 may include at least one inorganic layer in-
cluding an inorganic material. For example, the buffer
layer 111 may be a multilayer where one or more inor-
ganic layers of silicon oxide (SiO,), silicon nitride (SiN,),
silicon oxynitride (SiON), titanium oxide (TiO,), and alu-
minum oxide (AIO,) are alternately stacked.

[0106] The plurality of pixel driving chips 120 may be
mounted on the buffer layer 111 in the circuit area CA of
the plurality of pixel areas PA through a chip mounting
(or transfer) process. The plurality of pixel driving chips
120 may each have a size of 1 um to 100 um, but are
not limited thereto. In other embodiments, the plurality of
pixel driving chips 120 may each have a size which is
smaller than that of the light emitting area EA other than
an area occupied by the circuit area CA among the plu-
rality of pixel areas PA. Each of the plurality of pixel driving
chips 120, as described above, has the same configura-
tion as that of the pixel driving chip illustrated in one of
FIG. 4, and thus, its overlapping description will be omit-
ted.

[0107] The plurality of pixel driving chips 120 may be
attached on the buffer layer 111 by means of an adhesive
layer. The adhesive layer may be provided on a rear sur-
face (or a back surface) of each of the plurality of pixel
driving chips 120. In this case, in the chip mounting proc-
ess, a vacuum adsorption nozzle may vacuum-adsorb
the plurality of pixel driving chips 120 each including the
rear surface (or the back surface) coated with the adhe-
sive layer, and thus, the plurality of pixel driving chips
120 may be mounted on (or transferred onto) the buffer
layer 111 in a corresponding pixel PA. Meanwhile, the
plurality of pixel driving chips 120 may be attached to an
adhesive layer provided on the entire upper surface of
the buffer layer 111.
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[0108] Optionally, the plurality of pixel driving chips 120
may be respectively mounted on a plurality of concave
portions 112 respectively provided in the circuit areas CA
of the plurality of pixel areas PA.

[0109] Each of the plurality concave portions 112 may
be recessed from a front surface of the buffer layer 111
disposed in a corresponding circuit area CA. For exam-
ple, each of the plurality of concave portions 112 may
have a groove shape or a cup shape which has a certain
depth from the front surface of the buffer layer 111. Each
of the plurality of concave portions 112 may individually
accommodate and fix a corresponding pixel driving chip
of the plurality of pixel driving chips 120, thereby mini-
mizing an increase in thickness of the display apparatus
caused by a thickness (or a height) of each of the plurality
of pixel driving chips 120. Each of the plurality of concave
portions 112 may be concavely formed to have a shape
corresponding to the plurality of pixel driving chips 120
andto have an inclined surface inclined ata certain angle,
and thus, misalignment between the circuitareas CA and
the pixel driving chips 120 is minimized in a mount proc-
ess of mounting the plurality of pixel driving chips 120 on
the buffer layer 111.

[0110] The plurality of pixel driving chips 120 according
to an embodiment may be respectively attached on floors
of the plurality of concave portions 112 by the adhesive
layer coated on each of the plurality of concave portions
112. According to another embodiment, the plurality of
pixel driving chips 120 may be respectively attached on
the floors of the plurality of concave portions 112 by the
adhesive layer coated on a whole surface of the buffer
layer 111 including the plurality of concave portions 112.
[0111] The first planarization layer 113 may be dis-
posed on a front surface of the substrate 110 and may
cover the plurality of pixel driving chips 120. That is, the
first planarization layer 113 may cover the buffer layer
111 and the plurality of pixel driving chips 120 disposed
onthe substrate 110, and thus, may provide a flat surface
on the buffer layer 111 and the plurality of pixel driving
chips 120 and may fix the plurality of pixel driving chips
120. For example, the first planarization layer 113 may
be formed of acryl resin, epoxy resin, phenolic resin,
polyamide resin, polyimide resin, and/or the like.

[0112] Theline layer mayinclude a plurality of first met-
al lines ML1, an insulation layer 114, and a plurality of
second metal lines ML2.

[0113] The first metal lines ML1 may be disposed on
the first planarization layer 113 to pass through the dis-
play area DA in a first direction X or a second direction
Y. Each of the first metal lines ML1 may be used as one
of a pixel data transfer line, a clock transfer line, a pixel
driving power line, and a cathode power line, or may be
used as a bridge line for diverting one of lines which in-
tersect one another on the same layer. For example, the
first metal lines ML1 may be used as the bridge line and
the touch routing line. The first metal line ML1 may be
electrically connected to a bump of a corresponding pixel
driving chip 120 through a first chip contact hole CH1
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provided in the first planarization layer 113.

[0114] The insulation layer 114 may be disposed on
the substrate 110 to cover the first metal lines ML1. For
example, the insulation layer 114 may be SiO,, SiN,,
SiON, or a multilayer thereof.

[0115] The second metal lines ML2 may be disposed
on the insulation layer 114 to pass through the display
area DA. The second metal lines ML2 may be used as
lines, other than lines corresponding to the first metal
lines ML1, of a pixel data transfer line, a clock transfer
line, and a pixel driving power line PPL. For example, the
clock transfer line corresponding to the second metal line
ML2 may extend or protrude to the circuit area CA of
each pixel area PA and may be electrically connected to
a second bump B2 of a corresponding pixel driving chip
120 through a second chip contact hole CH2 provided in
the insulation layer 114 and the first planarization layer
113 to supply a reference clock to the second bump B2
of the corresponding pixel driving chip 120. Also, the pixel
driving power line PPL corresponding to the second met-
al line ML2 may extend or protrude to the circuit area CA
of each pixel area PA and may be electrically connected
to a fifth bump B5 of a corresponding pixel driving chip
120 through a third chip contact hole provided in in the
insulation layer 114 and the first planarization layer 113
to supply a pixel driving voltage Vdd to a fifth bump B5
of the corresponding pixel driving chip 120. In this case,
the third chip contact hole may be formed along with the
second chip contact hole CH2.

[0116] The first metal lines ML1 and the second metal
lines ML2 may be formed of molybdenum (Mo), alumi-
num (Al), silver (Ag), chrome (Cr), gold (Au), titanium (Ti),
nickel (Ni), neodymium (Nd), copper (Cu), or an alloy
thereof and may be formed of a single layer including at
least one of the metals or the alloy or a multilayer which
includes two or more layers and includes at least one of
the metals or the alloy.

[0117] The second planarization layer 115 may be dis-
posed on the substrate 110 to cover the line layer. That
is, the second planarization layer 115 may be provided
on the substrate 110 to cover the second metal lines ML2
and the insulation layer 114 and may provide a flat sur-
face on the second metal lines ML2 and the insulation
layer 114. For example, the second planarization layer
115 may be formed of acryl resin, epoxy resin, phenolic
resin, polyamide resin, polyimide resin, and/or the like,
but is not limited thereto.

[0118] The light emission part ELP may include a plu-
rality of anode electrodes AE, a bank layer BL, a light
emitting layer EL, and a cathode electrode CE.

[0119] Each of the plurality of anode electrode AE is
individually patterned in each of the pixel areas PA. Each
of the plurality of anode electrodes AE may be electrically
connected to a sixth bump B6 of a corresponding pixel
driving chip 120 through an anode contact hole CH3 pro-
vided in the second planarization layer 115 in a corre-
sponding pixel area PA and may be supplied with a data
current through the sixth bump B6 of the corresponding
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pixel driving chip 120. According to an embodiment, the
plurality of anode electrodes AE may include a metal ma-
terial which is high in reflectance. For example, each of
the plurality of anode electrodes AE may be formed in a
multilayer structure such as a stacked structure (Ti/Al/Ti)
including aluminum (Al) and titanium (Ti), a stacked struc-
ture (ITO/AI/ITO) including aluminum (Al) and indium tin
oxide (ITO), an APC (Al/Pd/Cu) alloy of Al, palladium
(Pd), and Cu, or a stacked structure (ITO/APC/ITO) in-
cluding an APC alloy and ITO, or may include a single-
layer structure including one material or an alloy of two
or more materials selected from among silver (Ag), alu-
minum (Al), molybdenum (Mo), gold (Au), magnesium
(Mg), calcium (Ca), and barium (Ba).

[0120] The bank layer BL may define the light emitting
area EA in each of the plurality of pixel areas PA and
may bereferred to as a pixel defining layer (or an isolation
layer). The banklayer BL may be provided on the second
planarization layer 115 and in an edge of each of the
plurality of anode electrodes AE and may overlap the
circuit area CA of the pixel area PA to define the light
emitting area EA in each pixel area PA. For example, the
bank layer BL may be formed of one organic material of
acryl resin, epoxy resin, phenolic resin, polyamide resin,
polyimide resin, benzocyclobutene resin, and fluorine
resin. As another example, the bank layer BL may be
formed of a photosensitive material including a black pig-
ment. In this case, the bank layer BL may act as a light
blocking pattern.

[0121] The light emitting layer EL may be disposed in
the light emitting area EA on the plurality of anode elec-
trodes AE.

[0122] The light emitting layer EL according to an em-
bodiment may include two or more sub-light emitting lay-
ers for emitting white light. For example, the light emitting
layer EL may include a first sub-light emitting layer and
a second sub-light emitting layer for emitting white light
based on a combination of first light and second light. In
this case, the first sub-light emitting layer may emit the
first light and may include one of a blue light emitting
layer, a green light emitting layer, a red light emitting lay-
er, a yellow light emitting layer, and a yellow-green light
emitting layer. The second sub-light emitting layer may
include a light emitting layer, which emits light having a
complementary color relationship with the first light, of a
blue light emitting layer, a green light emitting layer, a
red light emitting layer, a yellow light emitting layer, and
ayellow-greenlight emitting layer. Since the light emitting
layer EL emits white light, the light emitting layer EL may
be provided on the substrate 110 to cover the plurality of
anode electrodes AE and the bank layer BL without being
individually patterned in each pixel area PA.

[0123] Additionally, the light emitting layer EL may ad-
ditionally include one or more function layers for enhanc-
ing the emission efficiency and/or lifetime ofthe light emit-
ting layer EL.

[0124] The cathode electrode CE may be disposed to
cover the light emitting layer EL. In order for light emitted
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from the light emitting layer EL to be irradiated onto the
opposite substrate 190, the cathode electrode CE ac-
cording to an embodiment may be formed of indium tin
oxide (ITO) or indium zinc oxide (1Z0), which is a trans-
parent conductive material such as transparent conduc-
tive oxide (TCO).

[0125] The encapsulation layer 117 may be disposed
on the substrate 110 to cover the light emission part ELP.
The encapsulation layer 117 according to an embodi-
ment may prevent oxygen or water from penetrating into
the light emitting layer EL of the light emission part ELP.
According to an embodiment, the encapsulation layer
117 may include one inorganic material of silicon oxide
(SiO,), silicon nitride (SiN,), silicon oxynitride (SiON), ti-
tanium oxide (TiO,), and aluminum oxide (AIOx).
[0126] Optionally, the encapsulation layer 117 may fur-
ther include at least one organic layer. The organic layer
may be formed to have a sufficient thickness, for pre-
venting particles from penetrating into a light emitting de-
vice layer via the encapsulation layer 117. According to
an embodiment, the organic layer may be formed of one
organic material of acryl resin, epoxy resin, phenolic res-
in, polyamide resin, polyimide resin, benzocyclobutene
resin, and fluorine resin.

[0127] According to an embodiment of the present dis-
closure, the substrate 110 may further include a plurality
of cathode power lines which are disposed in parallel on
the insulation layer 114 with at least one pixel driving line
groups LG1 to LGm therebetween to pass through the
display area DA,.

[0128] The plurality of cathode powerlines mayreceive
a cathode voltage (for example, a ground voltage) from
the power management circuit 600 through the pad part
PP. The plurality of cathode power lines may be selected
from among the second metal lines ML2 or the first metal
lines ML1. That is, some of the second metal lines ML2
may be used as a plurality of cathode power lines. The
plurality of cathode power lines may be electrically con-
nected to the cathode electrode CE in the display area
DA. To this end, as shown in FIG. 9, the bank layer BL
may include a plurality of cathode sub-contact parts
CSCP which are electrically connected to a plurality of
cathode power lines CPL and a cathode electrode CE.
[0129] The plurality of cathode sub-contact part CSCP
may include a plurality of cathode connection electrodes
CCE and a plurality of electrode exposure parts EEP.
[0130] The plurality of cathode connection electrodes
CCE may be provided in an island shape on the second
planarization layer 115 overlapping the bank layer BL
and may be formed of the same material along with the
anode electrode AE. An edge, other than a center, of
each of the cathode connection electrodes CCE may be
surrounded by the bank layer BL and may be spaced
apart from and electrically disconnected from an adjacent
anode electrode AE. Each of the cathode connection
electrodes may be electrically connected to a corre-
sponding cathode power line CPL through a cathode con-
tact hole CH4 provided in the second planarization layer
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115. In this case, one cathode power line CPL may be
electrically connected to at least one cathode connection
electrode CCE through at least one cathode contact hole
CH4.

[0131] The plurality of electrode exposure parts EEP
may be disposed on the bank layer BL overlapping the
plurality of cathode connection electrodes CCE and may
respectively expose the plurality of cathode connection
electrodes CCE. Thus, the cathode electrode CE may
be electrically connected to each of the plurality of cath-
ode connection electrodes CCE respectively exposed
through the plurality of electrode exposure parts EEP and
may be electrically connected to each of the plurality of
cathode power lines CPL through the plurality of cathode
connection electrodes CCE, and thus, may have a rela-
tively low resistance. In particular, the cathode electrode
CE may receive the cathode voltage from each of the
plurality of cathode power lines CPL through the plurality
of cathode connection electrodes CCE, thereby prevent-
ing non-uniform luminance caused by the voltage drop
(IR drop) of the cathode voltage supplied to the cathode
electrode CE.

[0132] In addition, according to an embodiment of the
presentdisclosure, the substrate 110 may further include
a partition wall part 140.

[0133] The partition wall part 140 may include a parti-
tion wall supporting part 141 disposed in each of the plu-
rality of cathode connection electrodes CCE and a par-
tition wall 143 disposed on the partition wall supporting
part 141.

[0134] The partition wall supporting part 141 may be
formed in the center of each of the plurality of cathode
connection electrodes CCE to have a tapered structure
having a trapezoidal cross-sectional surface.

[0135] The partition wall 143 may be provided on the
partition wall supporting part 141 to have a reverse-ta-
pered structure where a width of a lower surface is nar-
rower than that of an upper surface, and may hide a cor-
responding electrode exposure part EEP. For example,
the partition wall 143 may include a lower surface having
a first width supported by the partition wall supporting
part 141, an upper surface having a second width which
is greater than the first width and is greater than or equal
to a width of the electrode exposure part EEP, and an
inclined surface which is disposed between the lower sur-
face and the upper surface to hide the electrode exposure
part EEP. The upper surface of the partition wall 143 may
be provided to cover the electrode exposure part EEP
and to one-dimensionally have a size which is greater
than or equal to that of the electrode exposure part EEP,
and thus, a light emitting material may be prevented from
penetrating into the cathode connection electrode CCE
exposed at the electrode exposure part EEP in a process
of depositing the light emitting layer EL, whereby a cath-
ode electrode material may be electrically connected to
the cathode connection electrode CCE exposed at the
electrode exposure part EEP in the process of depositing
the light emitting layer EL. A penetration space (or a void)
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may be provided between the inclined surface of the par-
tition wall 143 and the cathode connection electrode CCE
exposed at the electrode exposure part EEP, and the
edge of the cathode electrode CE may be electrically
connected to the cathode connection electrode CCE ex-
posed at the electrode exposure part EEP through the
penetration space.

[0136] Referring again to FIG. 8 in conjunction with
FIGS. 1 to 4, the opposite substrate 190 may be defined
as a color filter array substrate. The opposite substrate
190 according to an embodiment may include a barrier
layer 191, a black matrix 193, and a color filter layer 195.
[0137] The barrier layer 191 may be provided one
whole surface of the opposite substrate 190 facing the
substrate 110 and may prevent penetration of external
water or moisture. The barrier layer 191 according to an
embodiment may include at least one inorganic layer in-
cluding an inorganic material. For example, the barrier
layer 191 may be formed of a multilayer where one or
more inorganic layers of silicon oxide (SiO,), silicon ni-
tride (SiN,), silicon oxynitride (SiON), titanium oxide (Ti-
0,), and aluminum oxide (AlO,) are alternately stacked.
[0138] The black matrix 193 may be disposed on the
barrier layer 191 to overlap the bank layer BL provided
on the substrate 110 and may define a plurality of trans-
missive parts respectively overlapping the emission ar-
eas EA of the plurality of pixel areas PA. The black matrix
193 may be formed of a resin material or an opaque metal
material such as chrome Cr or CrO,, or may be formed
of a light absorbing material.

[0139] The color filter layer 195 may be disposed in
each of the plurality of transmissive parts provided by the
black matrix 193. The color filter layer 195 may include
one of a red color filter, a green color filter, and a blue
color filter. The red color filter, the green color filter, and
the blue color filter may be repeatedly disposed in the
first direction X.

[0140] Optionally, the color filter layer 195 may include
a quantum dot which has a size enabling light of a pre-
determined color to be emitted and re-emits light accord-
ing to light incident from the light emitting layer EL. In this
case, the quantum dot may be selected fromamong CdS,
CdSe, CdTe, CdZnSeS, ZnS, ZnSe, GaAs, GaP, GaAs-
P, Ga-Sb, InAs, InP, InSb, AlAs, AIP, AISb, and the like.
For example, the red color filter may include a quantum
dot of CdSe or InP emitting red light, the green color filter
may include a quantum dot of CdZnSeS emitting green
light, and the blue color filter may include a quantum dot
of ZnSe emitting blue light. As described above, when
the color filter layer 195 includes a quantum point, a color
reproduction rate increases.

[0141] The opposite substrate 190 may be opposite-
bonded to the substrate 110 by the transparent adhesive
layer 150.

[0142] The transparent adhesive layer 150 may be re-
ferred to as a filler. The transparent adhesive layer 150
according to an embodiment may be formed of a material
capable of being filling between the substrate 110 and
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the opposite substrate 190, and for example, may be
formed of a transparent epoxy material capable of trans-
mitting light, but the present disclosure is not limited
thereto. The transparent adhesive layer 150 may be
formed on the substrate 110 by a process such as an
inkjet process, a slit coating process, or a screen printing
process, but is not limited thereto. In other embodiments,
the transparent adhesive layer 150 may be provided on
the opposite substrate 190.

[0143] Additionally, the display apparatus according to
an embodiment of the present disclosure may further in-
clude adam pattern 170 which surrounds an outer portion
of the transparent adhesive layer 150.

[0144] The dam pattern 170 may be provided in an
edge of the opposite substrate 190 in a closed loop form.
The dam pattern 170 according to an embodiment may
be provided in an edge of the barrier layer 191 provided
on the opposite substrate 190 to have a certain height.
The dam pattern 170 may block the spread or overflow
of the transparent adhesive layer 150 and may bond the
substrate 110 to the opposite substrate 190. The dam
pattern 170 according to an embodiment may be formed
of a high-viscosity resin (for example, an epoxy material)
capable of being cured by light such as ultraviolet (UV).
Furthermore, the dam pattern 170 may be formed of an
epoxy material including a getter material capable of ad-
sorbing water and/or oxygen, but is not limited thereto.
The dam pattern 170 may block penetration of external
water and/or oxygen into a gap between the substrate
110 and the opposite substrate 190 bonded to each other
to protect the light emitting layer EL from the external
water and/or oxygen, thereby increasing the reliability of
the light emitting layer EL and preventing the lifetime of
the light emitting layer EL from being reduced by the wa-
ter and/or oxygen.

[0145] The barrier layer 191, the black matrix 193, and
the color filter layer 195 shown in FIG. 8 may be disposed
on the encapsulation layer 117 of the substrate 110 as
shown in FIG. 10, instead of the opposite substrate 190.
[0146] Referring to FIG. 10, the barrier layer 191, the
black matrix 193, and the color filter layer 195 may be
disposed on a front surface of the encapsulation layer
117.

[0147] The black matrix 193 may be directly provided
on the front surface of the encapsulation layer 117 to
overlap the bank layer BL provided on the substrate 110
and may define the plurality of transmissive parts respec-
tively overlapping the light emitting areas EA of the plu-
rality of pixel areas PA.

[0148] The color filter layer 195 may be disposed on
the front surface of the encapsulation layer 117 exposed
by each of the plurality of transmissive parts defined by
the black matrix 193. Except for that the color filter layer
195 is provided on the encapsulation layer 117, the color
filter layer 195 is the same as described above, and thus,
a repetitive description thereof will be omitted.

[0149] The barrier layer 191 according to an embodi-
ment may be provided on the front surface of the encap-
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sulation layer 117 to cover the color filter layer 195 and
the black matrix 193 and may provide a flat surface on
the black matrix 193 and the color filter layer 195. In this
case, in a case where the barrier layer 191 is formed
through a high-temperature process, the light emitting
layer EL and/or the like disposed on the substrate 110
may be damaged by a hightemperature. Thus, the barrier
layer 191 may be formed of an organic material such as
an acryl-based, epoxy-based, or siloxane-based organic
insulating material capable of being processed at a low
temperature of 100°C or less, in order to prevent the dam-
age of the light emitting layer EL vulnerable to a high
temperature.

[0150] The opposite substrate 190 may be attached
on a front surface of the barrier layer 191 by an optical
adhesive member 197 instead of the transparent adhe-
sive layer 150. In this case, the optical adhesive member
197 may be an optically clear adhesive (OCA), an opti-
cally clear resin (OCR), or a pressure sensitive adhesive
(PSA).

[0151] Since the opposite substrate 190 is attached to
the front surface of the barrier layer 191 by the optical
adhesive member 197, the above-described dam pattern
170 may be omitted.

[0152] Moreover, as shown in FIG. 11, the color filter
layer 195 may be disposed between the anode electrode
AE and the substrate 110 to overlap the light emitting
area EA of each pixel area PA. For example, the color
filter layer 195 may be disposed on the buffer layer 111
or the second planarization layer 115 overlapping the
light emitting area EA of each pixel area PA. In this case,
the anode electrode AE may be formed of a transparent
conductive material, and the cathode electrode CE may
be formed of a metal material which is high in reflectance,
whereby light emitted from the light emitting layer EL may
sequentially pass through the color filter layer 195 and
the substrate 110 and may be output to the outside.
[0153] As described above, in an embodiment of the
present disclosure, each of the gate driving circuit and
the data driving pixel for driving each pixel of the display
panel may be implemented as a microchip mounted on
a substrate, and thus, a process of forming at least one
TFT for each pixel of a general display panel is not need-
ed. Also, since a transistor is not disposed on the sub-
strate of the display panel, image quality is prevented
from being degraded due to non-uniform luminance
caused by a threshold voltage deviation of driving tran-
sistors occurring between pixels. Also, in an embodiment
of the present disclosure, a light emission part may emit
light, based on a reference clock and digital pixel data,
and thus, a plurality of gate lines for sequentially selecting
a plurality of pixels and a gate driving circuit for driving
the plurality of pixels may be removed (or omitted) from
a substrate, thereby simplifying a configuration of the dis-
play apparatus. Accordingly, since the grate driving cir-
cuit is removed from the substrate, a bezel width of the
display apparatus is maximally reduced.

[0154] FIG. 12is a diagram illustrating a display appa-
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ratus according to another embodiment of the present
disclosure. FIG. 13 is a diagram illustrating a substrate
illustrated in FIG. 12 and illustrates an example where
each of the timing controller and the power management
circuit of the display apparatus illustrated in FIGS. 1 to
11 is implemented as a microchip, and the microchip is
mounted on a substrate of a display panel.

[0155] Referring to FIGS. 12 and 13, the display ap-
paratus according to another embodiment of the present
disclosure may include a display panel 100, a datadriving
chip array part 1300, a timing controller chip array part
1500, and a power management chip array part 1600.
[0156] The display panel 100 may include a substrate
110 and an opposite substrate 190 and is the same as
the display panel of the display apparatus according to
an embodiment of the present disclosure illustrated in
FIGS. 1to 11. Thus, like reference numerals refer to like
elements, and arepetitive description thereof will be omit-
ted.

[0157] The timing controller chip array part 1500 may
be providedin afirst non-display area to generate a digital
data signal, based on an image signal (or a differential
signal) supplied from a display driving system 700
through a pad part PP and may provide the digital data
signal to the data driving chip array part 1300. That is,
the timing controller chip array part 1500 may receive the
differential signal input through the pad part PP to gen-
erate frame-based digital pixel data, a dot clock, a refer-
ence clock, and a data start signal from the differential
signal. Also, the timing controller chip array part 1500
may perform image processing for image quality im-
provement on the digital data signal in units of frames,
segment the frame-based digital data signal in units of
at least one horizontal line, and provide a plurality of seg-
mented digital data signals to the data driving chip array
part 1300.

[0158] The data driving chip array part 1300 may be
provided in the first non-display area (or an upper non-
display area) of the substrate 110. Also the data driving
chip array part 1300 may receive the digital pixel data,
the reference clock, and the data start signal supplied
from the timing controller chip array part 1500 and align
the digital pixel data, based on the reference clock and
the data start signal. Also, the data driving chip array part
1300 may output the aligned digital pixel data to a first
pixel data transfer line of each of first to mth pixel driving
line groups according to the serial interface manner and
may output the reference clock to a first clock transfer
line of each of the first to mth pixel driving line groups.
[0159] The power management chip array part 1600
may be provided in the non-display area of the substrate
110 and may output various kinds of voltages for display-
ing an image to each pixel P of the display panel 100,
based on an input power supplied from the display driving
system 700 through the pad part PP disposed in the sub-
strate 110. According to an embodiment, the power man-
agement chip array part 1600 may generate a transistor
logic voltage, a pixel driving voltage, and a cathode volt-
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age, based on the input power.

[0160] The power management chip array part 1600
according to an embodiment may include a DC-DC con-
verter chip array part which is provided in the non-display
area NDA of the substrate 110 and performs dc-dc con-
version on the input power received from the outside to
output the converted input power.

[0161] The DC-DC converter chip array part may in-
clude a logic power chip 1610 and a driving power chip
1630. In this case, the logic power chip 1610 and the
driving power chip 1630 may be a minimum-unit micro-
chip or one chipset and may be a semiconductor pack-
aging device which includes an IC including transistors
and has a fine size.

[0162] The logic power chip 1610 may generate a tran-
sistor logic voltage, based on the input power and may
provide the transistor logic voltage to a microchip that
requires the transistor logic voltage. For example, the
logic power chip 1610 may decrease (step down) the
input power to generate the transistor logic voltage of
3.3V. Also, the logic power chip 1610 may generate a
ground voltage, based on the input power and may pro-
vide the ground voltage to a microchip that requires the
ground voltage. In this case, the ground voltage may be
used as the cathode voltage supplied to a cathode elec-
trode disposed in the display panel 100. According to an
embodiment, the logic power chip 1610 may be a DC-
DC converter (for example, a step-down converter chip
or a buck converter chip), but is not limited thereto.
[0163] The driving power chip 1630 may generate the
pixel driving voltage, based on the input power and may
provide the pixel driving voltage to each pixel P and a
microchip that require the pixel driving voltage. For ex-
ample, the driving power chip 1630 may generate the
pixel driving voltage of 12V. According to an embodiment,
the driving power chip 1630 may be a DC-DC converter
(for example, a step-up converter chip or a boost con-
verter chip), but is not limited thereto.

[0164] The power management chip array part 1600
according to this example may further include a serial
communication chip 1650. In this case, the serial com-
munication chip 1650 may be a minimum-unit microchip
or one chipset and may be a semiconductor packaging
device which includes an IC including transistors and has
a fine size.

[0165] The serial communication chip 1650 may be
connected to the display driving system 700 through a
connector attached on a serial communication pad dis-
posed at one non-display area of the substrate 110, sep-
arately from the pad part PP disposed on the substrate
110. The serial communication chip 1650 may receive a
voltage tuning signal supplied from the display driving
system 700, may restore the received voltage tuning sig-
nal to voltage tuning data, and may transfer the voltage
tuning data to the logic power chip 1610 and the driving
power chip 1630, thereby allowing a voltage level of at
least one of the logic voltage, the pixel driving voltage,
and the cathode voltage to be tuned based on the voltage
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tuning data.

[0166] FIG. 14 is a diagram illustrating a timing con-
troller chip array part and a data driving chip array part
illustrated in FIGS. 12 and 13.

[0167] ReferringtoFIGS. 12to 14, the timing controller
chip array part 1500 of the display apparatus according
to the present embodiment may include an image signal
receiving chip array 1510, an image quality improvement
chip array 1530, and a data control chip array 1550.
[0168] Theimage signalreceiving chip array 1510 may
receive an image signal Simage input from the display
driving system 700 through the pad part PP and may
output the digital pixel data in units of at least one hori-
zontal line. The image signal receiving chip array 1510
may receive the digital data signal based on the differ-
ential signal from the display driving system 700 accord-
ing to the high serial interface manner, generate digital
pixel data corresponding to at least one horizontal line,
based on the received digital data signal, and generate
the reference clock and the data start signal from the
differential signal. In this case, the image signal Simage
may be transferred from the display driving system 700
to the image signal receiving chip array 1510 according
to the high speed serial interface manner (for example,
the V-by-one interface manner).

[0169] According to an embodiment, the image signal
receiving chip array 1510 may include first to ith image
signal receiving chips 15101 to 1510i. In this case, each
of the first to ith image signal receiving chips 15101 to
1510i may be a minimum-unit microchip or one chipset
and may be a semiconductor packaging device which
includes an IC including transistors and has a fine size.
[0170] In order to perform synchronization and data
communication between the first to ith image signal re-
ceiving chips 15101 to 1510i, the first image signal re-
ceiving chip 15101 may be programmed as a master to
control overall operations and functions in the image sig-
nal receiving chip array 1510, and each of the second to
ith image signal receiving chips 15102 to 1510i may be
programmed as a slave to operate in synchronization
with the first image signal receiving chip 15101.

[0171] Each of the first to ith image signal receiving
chips 15101 to 1510i individually receives digital data
signals to be supplied to j pixels among differential signals
for the image signal Simage transferred from the display
driving system 700 through an interface cable 710, indi-
vidually generates pixel data to be supplied to the j pixels
on the basis of the received digital data signals, and in-
dividually generates a reference clock and a data start
signal from the differential signals for the image signal
Simage. For example, when the interface cable 710 has
firstto ith lanes, the firstimage signal receiving chip 15101
may individually receive digital data signals correspond-
ing to first to ith pixels from the differential signals for the
image signal Simage transferred from the display driving
system 700 through the first lane of the interface cable
710, may individually generate pixel data corresponding
to the first to jth pixels on the basis of the received digital

10

15

20

25

30

35

40

45

50

55

16

data signals, and may individually generate a reference
clock and a data start signal from the differential signals
for the image signal Simage. Also, the ith image signal
receiving chip 1510i may individually receive digital data
signals corresponding to m-j+1th to mth pixels from the
differential signals for the image signal Simage trans-
ferred from the display driving system 700 through the
ith lane of the interface cable 710, may individually gen-
erate pixel data corresponding to the m-j+1th to mth pixels
on the basis of the received digital data signals, and may
individually generate a reference clock and a data start
signal from the differential signals for the image signal
Simage.

[0172] Each of the first to ith image signal receiving
chips 15101 to 1510i may generate display setting data
for the timing controller chip array part 1500 from a dif-
ferential signal of a first frame input through the interface
cable 710, may store the display setting data inaninternal
memory, and may generate a digital data signal, a refer-
ence clock, and a data start signal from differential signals
for frames that are sequentially input through the inter-
face cable 710.

[0173] According to an embodiment, the image signal
receiving chip array 1510 may be configured with only
one image signal receiving chip. That is, the first to ith
image signal receiving chips 15101 to 1510i may be in-
tegrated into a single integrated image signal receiving
chip.

[0174] Theimage qualityimprovementchip array 1530
may receive a frame-based digital data signal from the
image signal receiving chip array 1510 and may execute
a predetermined image quality improvement algorithm
to improve the quality of an image corresponding to the
frame-based digital data signal.

[0175] According to an embodiment, the image quality
improvement chip array 1530 may include first to ith im-
age quality improvement chips 15301 to 1530i respec-
tively connected to the first to ith image signal receiving
chips 15101 to 1510i. The first to ith image quality im-
provement chips 15301 to 1530i may receive digital data
signals from the image signal receiving chips 15101 to
1510i and may execute the predetermined image quality
improvement algorithm to improve image quality accord-
ing to the frame-based digital data signal. In this case,
each of the first to ith image quality improvement chips
15301 to 1530i may be a minimum-unit microchip or one
chipset and may be a semiconductor packaging device
which includes an IC including transistors and has a fine
size.

[0176] In order to perform synchronization and data
communication between the first to ith image quality im-
provement chips 15301 to 1530i, the first image quality
improvement chip 15301 may be programmed as a mas-
terto control overall operations and functionsin the image
quality improvement chip array 1530, and each of the
second to ith image quality improvement chips 15302 to
1530i may be programmed as a slave to operate in syn-
chronization with the firstimage quality improvement chip
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15301.

[0177] When the image signal receiving chip array
1510 is configured as a single integrated data receiving
chip, the first to ith image quality improvement chips
15301 to 1530i may be integrated into a single integrated
image quality improvement chip connected to the inte-
grated data receiving chip.

[0178] Based on the reference clock and the data start
signal provided from the image signal receiving chip array
1510, the data control chip array 1550 may align and
output digital pixel data with image quality improved by
the image quality improvement chip array 1530 in units
of one horizontal line.

[0179] The data control chip array 1550 according to
an embodiment may include first to ith data control chips
15501 to 1550i respectively connected to the first to ith
image quality improvement chips 15301 to 1530i. The
first to ith data control chips 15501 to 1550i may receive
the digital pixel data with improved image quality from
the image quality improvement chips 15301 to 1530i and
may align and output the digital data signal according to
the reference clock and the data start signal provided
from the image signal receiving chip array 1510. In this
case, each of the first to ith data control chips 15501 to
1550i may be a minimum-unit microchip or one chipset
and may be a semiconductor packaging device which
includes an IC including transistors and has a fine size.
[0180] In order to perform synchronization and data
communication between the first to ith data control chips
15501 to 1550i, the first data control chip 15501 may be
programmed as a master to control overall operations
and functions in the data control chip array 1550, and
each of the second to ith data control chips 15502 to 1550i
may be programmed as a slave to operate in synchroni-
zation with the first data control chip 15501.

[0181] The first to ith data control chips 15501 to 1550i
may individually output digital pixel data according to the
serial data communication manner using first to ith com-
mon serial data buses CSB1 to CSBi each having a data
bus corresponding to the number of bits of the digital
pixel data, individually output the reference clock to first
to ith common reference clock lines RCL1 to RCLi, and
individually output the data start signal to first to ith data
start signal lines DSL1 to DSLi. For example, the first
image signal receiving chip 15101 may transfer corre-
sponding digital pixel data, a corresponding reference
clock, and a corresponding data start signal through the
first common serial data bus CSB1, the first common
reference clock line RCL1, and the first data start signal
line DSL1. Also, the ith image signal receiving chip 1510i
may transfer corresponding digital pixel data, a corre-
sponding reference clock, and a corresponding data start
signal through the ith common serial data bus CSBi, the
ith common reference clock line RCLi, and the ith data
start signal line DSL..

[0182] When the image signal receiving chip array
1510 is configured as a single integrated data receiving
chip and the image quality improvement chip array 1530
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is configured as a single integrated image quality im-
provement chip, the first to it" data control chips 15501
to 1550i may be integrated into a single integrated data
control chip connected to the integrated data receiving
chip.

[0183] As described above, the timing controller chip
array part 1500 may be mounted on the substrate 110
of the display panel 100 and may be connected to the
display driving system 700 through one interface cable
710, thereby simplifying a connection structure between
the display panel 100 and the display driving system 700.
[0184] The data driving chip array part 1300 of the dis-
play apparatus according to an embodiment of the
present disclosure may include first to mth data process-
ing circuits DP1 to DPm.

[0185] Each of the first to mth data processing circuits
DP1 to DPm may sample and hold in parallel digital pixel
data transferred from the data receiving circuit 310 ac-
cording to the reference clock, based on the data start
signal and may output the reference clock and the held
digital pixel data according to the serial data communi-
cation manner. In this case, each of the first to mth data
processing circuits DP1 to DPm may be a minimum-unit
microchip or one chipset and may be a semiconductor
packaging device which includes an IC including transis-
tors and has a fine size.

[0186] The first to mth data processing circuits DP1 to
DPm may be grouped into first to ith data processing
groups 13201 to 1320i, and in this case, each of the first
to ith data processing groups 13201 to 1320i may include
j data processing circuits.

[0187] On a group basis, the data processing circuits
grouped into the first to it data processing groups 13201
to 1320i may be connected to the first to ith common serial
data buses CSB1 to CSBiin common. Forexample, each
of the first to jth data processing circuits DP1 to DP;j
grouped into the first data processing group 13201 may
receive corresponding digital pixel data, a corresponding
reference clock, and a corresponding start signal through
the first common serial data bus CSB1, the first common
reference clock line RCL1, and the first data start signal
line DSL1. Also, each of m-j+1th to mth data processing
circuits DPm-j+1 to DPm grouped into the it data
processing group 1320i may receive corresponding dig-
ital pixel data, a corresponding reference clock, and a
corresponding data start signal through the it common
serial data bus CSBi, the ith common reference clock line
RCLi, and the ith data start signal line DSLi.

[0188] When digital pixel data having a corresponding
number of bits is sampled and held, each of the first to
mth data processing circuits DP1 to DPm may output a
reference clock input thereto to a first clock transfer line
CTL1 of each of first to mth pixel driving line groups LG1
to LGm and may output the held digital pixel data to a
first pixel data transfer line DTL1 of each of the first to
mth pixel driving line groups LG1 to LGm according to
the serial data communication manner.

[0189] Each of the first to mth data processing circuits
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DP1 to DPm according to an embodiment may include
alatch circuit which samples and latches digital pixel data
input through a corresponding common serial data bus
CSB according to the reference clock in response to the
data start signal, a counter circuit which counts the ref-
erence clock to generate a data output signal, and a clock
bypass circuit which bypasses the reference clock input
thereto.

[0190] In the display apparatus according to another
embodiment, all circuits for allowing the display panel
100todisplay animage corresponding to an image signal
supplied from the display driving system 700 may be im-
plemented as microchips mounted on the substrate 110,
thereby obtaining the same effect as that of the display
apparatus illustrated in FIGS. 1 to 11. Also, the micro-
chips may be more easily simplified and integrated, and
since the display apparatus is directly connected to the
display driving system 700 through one interface cable
710, a connection structure between the display appa-
ratus and the display driving system 700 may be simpli-
fied. Accordingly, the display apparatus according to an-
other embodiment may have a single plate shape, and
thus, may have an enhanced sense of beauty in design.
[0191] As described above, according to the embodi-
ments of the present disclosure, a connection structure
between the display driving system and the display panel
is simplified, and thus, a sense of beauty in design of the
display apparatus is enhanced.

[0192] Moreover, according to the embodiments of the
present disclosure, each of the gate driving circuit and
the data driving pixel for driving each pixel of the display
panel may be implemented as a microchip mounted on
a substrate, and thus, a process of forming at least one
TFT for each pixel of a general display panel may be
omitted.

[0193] The above-described feature, structure, and ef-
fect of the present disclosure are included in at least one
embodiment of the present disclosure, but are not limited
to only one embodiment. Furthermore, the feature, struc-
ture, and effect described in at least one embodiment of
the present disclosure may be implemented through
combination or modification of other embodiments by
those skilled inthe art. Therefore, contentassociated with
the combination and modification should be construed
as being within the scope of the present disclosure.
[0194] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the scope of
the disclosure. Thus, it is intended that the present dis-
closure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims.

Claims

1. A display apparatus comprising:
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a substrate (110) including a display area (DA)
including a plurality of pixel areas defined in a
first direction (X) and a second direction (Y) in-
tersecting the first direction (X) and a non-dis-
play area (NDA) surrounding the display area
(DA);

a plurality of pixels (P) each including a pixel
driving chip (120) provided in a corresponding
pixel area of the plurality of pixel areas of the
substrate (110) and a light emission part (ELP)
connected to the pixel driving chip (120);

a plurality of pixel data transfer lines (DTLA1, ...,
DTLK) configured to sequentially transfer digital
pixel data (Pdata) to pixel driving chips (120) of
pixels (P) arranged in the first direction (X); and
a plurality of clock transfer lines (CTLA1, ...,
CTLk) configured to sequentially transfer a ref-
erence clock (RCLK) to the pixel driving chips
(120) of the pixels (P) arranged in the first direc-
tion (X),

wherein the pixel driving chip (120) is configured
toallow the light emission part (ELP) to emit light,
based on the digital pixel data (Pdata) and the
reference clock (RCLK) input thereto.

2. The display apparatus of claim 1, wherein the pixel
driving chip (120) is configured to control an emission
time of the light emission part (ELP) by units of
frames.

3. The display apparatus of claim 1 or 2, wherein the
pixel driving chip (120) is configured to supply a data
current (Idata), corresponding to the digital pixel data
(Pdata), to the light emission part (ELP).

4. The display apparatus of any one of claims 1 to 3,
wherein the pixel driving chip (120) comprises:

a data receiving terminal (B1) configured to re-
ceive the digital pixel data (Pdata) transferred
through an adjacent pixel data transfer line;

a clock receiving terminal (B2) configured to re-
ceive the reference clock (RCLK) transferred
through an adjacent clock transfer line;
adatatransferterminal (B8) configured to output
the digital pixel data (Pdata) input through the
data receiving terminal (B1);

a clock output terminal (B7) configured to output
the reference clock (RCLK) input through the
clock receiving terminal (B2); and

an anode connection terminal (B6) connected
to the light emission part (ELP).

5. The display apparatus of any one of claims 1 to 4,
wherein the pixel driving chip (120) comprises:

a pixelmemory (122) configured to store the dig-
ital pixel data (Pdata); and
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a pixel driving circuit (123) configured to gener-
ate a data current (Idata), based on the digital
pixel data (Pdata) stored in the pixel memory
(122) and supply the data current (Idata) to the
light emission part (ELP).

The display apparatus of any one of claims 1 to 5,
configured such that the light emission parts (ELP)
of the plurality of pixels (P) simultaneously emit
lights.

The display apparatus of any one of claims 1 to 5,
configured such that the light emission parts (ELP)
of the plurality of pixels (P) sequentially emit lights
by units of a horizontal line.

The display apparatus of one of claims 1 to 7, further
comprising:

a data driving circuit unit (300) connected to the
plurality of pixel data transfer lines (DTL1, ...,
DTLK) and the plurality of clock transfer lines
(CTLA, ..., CTLk);

a control board (400) connected to the data driv-
ing circuit unit (300) through a signal cable (530);
and

a timing controller (500) mounted on the control
board (400) to supply the digital pixel data (Pda-
ta) to the data driving circuit unit (300).

9. The display apparatus of any one of claims 1 to 8,

further comprising:

a data driving chip array part (1300) provided in
the non-display area (NDA) of the substrate
(110) and connected to the plurality of pixel data
transfer lines (DTL1, ..., DTLK) and the plurality
of clock transfer lines (CTL1, ..., CTLk); and

a timing controller chip array part (1500) config-
ured to generate the digital pixel data (Pdata)
and the reference clock (RCLK), based on an
image signal input thereto and supply the digital
pixel data (Pdata) and the reference clock
(RCLK) to the data driving chip array part (1300).

10. The display apparatus of claim 9, wherein the timing

controller chip array part (1500) comprises:

an image signal receiving chip array (1510) in-
cluding at least one image signal receiving chip
configured to generate the digital pixel data
(Pdata) and the reference clock (RCLK) of one
frame, based on the input image signal;

an image quality improvement chip array (1530)
including at least one image quality improve-
ment chip configured to improve a quality of an
image based on the digital pixel data (Pdata) of
the one frame; and
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1.

12.

13.

14.

36

adata control chip array (1550) including atleast
one data control chip configured to align the dig-
ital pixel data (Pdata) having image quality im-
proved by the image quality improvement chip
array (1530) by units of one horizontal line,
based onthe reference clock (RCLK) and supply
the aligned digital pixel data (Pdata) to the data
driving chip array part (1300).

The display apparatus of claim 10, configured such
that the image signal is supplied to the image signal
receiving chip array (1510) according to a V-by-one
interface manner.

The display apparatus of any one of claims 1 to 11,
further comprising:

a first planarization layer (113) disposed on the
substrate (110) to cover the pixel driving chip
(120) of each of the plurality of pixels (P);

a line layer including the plurality of pixel data
transfer lines (DTLA1, ..., DTLk) and the plurality
of clocktransferlines (CTL1, ..., CTLk) disposed
on the first planarization layer (113);

a second planarization layer (115) covering the
line layer; and

an encapsulation layer (117) covering the light
emission part (ELP) disposed on the second
planarization layer (115),

wherein the light emission part (ELP) comprises:

a plurality of anode electrodes (AE) provided in
each of the plurality of pixel areas on the second
planarization layer (115) and connected to a cor-
responding pixel driving chip (120);

a bank layer (BL) disposed on the second
planarization layer (115) to define an emission
area on the plurality of anode electrodes (AE);
a light emitting layer (EL) disposed in the emis-
sion area on the plurality of anode electrodes
(AE); and

a cathode electrode (CE) disposed on the light
emitting layer (EL).

The display apparatus of claim 12, further comprising
a buffer layer (111) disposed on the substrate (110)
to support the pixel driving chip (120) of each of the
plurality of pixels (P) and covered by the first planari-
zation layer (113),

wherein the buffer layer (111) comprises a plurality
of concave portions (112) accommodating the pixel
driving chip (120) of each of the plurality of pixels (P).

The display apparatus of claim 12, wherein the sub-
strate (110) further comprises a plurality of cathode
sub-contact parts (CSCP) which each comprise:
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a cathode connection electrode (CCE) disposed
on the second planarization layer (115) overlap-
ping the bank layer (BL); and

an electrode exposure part (EEP) disposed on
the bank layer (BL) and expose the cathode con-
nection electrode (CCE),

wherein the cathode electrode (CE) is electrical-
ly connected to the cathode connection elec-
trode (CCE), and electrically connected to a
cathode power line (CPL) via the cathode con-
nection electrode (CCE).

15. The display apparatus of claim 14, wherein the sub-
strate (110) further comprises a partition wall part
(140) which is formed on the cathode connection
electrode (CCE) and has areverse-tapered structure
to hide the electrode exposure part (EEP).
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FIG. 3
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FIG. 7
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1. claims: 1-8

A display apparatus comprising a plurality of pixels each
including a pixel driving chip provided in a corresponding
pixel area of the plurality of pixel areas of the substrate
and a Tight emission part connected to the pixel driving
chip; a plurality of pixel data transfer lines configured to
sequentially transfer digital pixel data to pixel driving
chips of pixels arranged in a first direction; and a
plurality of clock transfer lines configured to sequentially
transfer a reference clock to the pixel driving chips of the
pixels arranged in the first direction, wherein the pixel
driving chip is configured to allow the light emission part
to emit light, based on the digital pixel data and the
reference clock input thereto, the display apparatus being
configured such that the 1ight emission parts of the
plurality of pixels simultaneously emit Tights.

2. claims: 9-11

A display apparatus comprising a plurality of pixels each
including a pixel driving chip provided in a corresponding
pixel area of the plurality of pixel areas of the substrate
and a Tight emission part connected to the pixel driving
chip; a plurality of pixel data transfer Tines configured to
sequentially transfer digital pixel data to pixel driving
chips of pixels arranged in a first direction; and a
plurality of clock transfer lines configured to sequentially
transfer a reference clock to the pixel driving chips of the
pixels arranged in the first direction, wherein the pixel
driving chip is configured to allow the 1light emission part
to emit light, based on the digital pixel data and the
reference clock input thereto, further comprising: a data
driving chip array part connected to the plurality of pixel
data transfer lines and the plurality of clock transfer
lines; and a timing controller chip array part configured to
generate the digital pixel data and the reference clock,
based on an image signal input thereto and supply the
digital pixel data and the reference clock to the data
driving chip array part.

3. claims: 12-15

A display apparatus comprising a plurality of pixels each
including a pixel driving chip provided in a corresponding
pixel area of the plurality of pixel areas of the substrate
and a Tight emission part connected to the pixel driving
chip; a plurality of pixel data transfer lines configured to
sequentially transfer digital pixel data to pixel driving
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chips of pixels arranged in a first direction; and a
plurality of clock transfer lines configured to sequentially
transfer a reference clock to the pixel driving chips of the
pixels arranged in the first direction, wherein the pixel
driving chip is configured to allow the light emission part
to emit light, based on the digital pixel data and the
reference clock input thereto, further comprising: a first
planarization layer disposed on the substrate to cover the
pixel driving chip of each of the plurality of pixels; a
line layer including the plurality of pixel data transfer
lines and the plurality of clock transfer lines disposed on
the first planarization layer; a second planarization layer
covering the line layer; and an encapsulation layer covering
the 1ight emission part disposed on the second planarization
layer, wherein the light emission part comprises: a
plurality of anode electrodes provided in each of the
plurality of pixel areas on the second planarization layer
and connected to a corresponding pixel driving chip; a bank
layer disposed on the second planarization layer to define
an emission area on the plurality of anode electrodes; a
light emitting layer disposed in the emission area on the
plurality of anode electrodes; and a cathode electrode
disposed on the Tight emitting layer.
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